Twenty years ago, a systematic review concluded that the duration of the disease and the individual physical state (measured by the Expanded Disability Status Scale -(EDSS) did not influence the results of neuropsychological tests in MS by more than 10% to 15% 12 . This conclusion was based on previous studies that indicated a virtually non-existent correlation between the physical state and cognition in these patients. This concept was subsequently corroborated by studies characterized by a great heterogeneity in the samples and methodologies 13 . Currently, despite some conflict about the association between cognitive impairment and the physical state 9 , there are several studies suggesting a cognitive decline that is definitely identifiable by neuropsychological tests, and correlated with the disability state in MS 5, 9, 10, 12, 14 . Cognitive complaints are rarely considered in routine evaluation. This approach is considered complicated, expensive, particularly difficult in the early stages of the disease 14 and takes too long (30-120 minutes) 1 . Difficulties ranged from the lack of a suitable place to perform complex tests, which often require multiple sessions, to the need for specialized staff such as neuropsychologists available.
The neuropsychological tests (NTs) provide assessment of the cognitive state and are used for the diagnosis of impairment and decision-making about medical and/or cognitive treatment 15 . The Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) consists of a recently-proposed battery of NTs 1, 15 that favor centers with teams with few professionals. The full battery of tests does not take more than 15 minutes, making it ideal for use in daily clinical practice. The objective of this study was to investigate the applicability of a version of BICAMS in the Portuguese language, estimating its correlation with the physical disability of subjects with MS.
METHODS

Participants
We selected patients with relapsing-remitting type MS, defined by the McDonald criteria 2010 16 , who had regular neurologic attendance in the city of Porto Alegre, Rio Grande do Sul, southern Brazil. All patients provided an informed consent form and the study was approved by the local research ethics committee under registration number 1.477.109.
Patients were excluded if any of the following criteria were met: (a) immunological clinical conditions other than MS that affect the central nervous system; (b) physical or cognitive impeditive disabilities secondary to conditions other than MS; (c) any prior impairment secondary to MS that precluded the application of BICAMS tests; (d) an impeditive psychiatric illness, previous or under development, in treatment or not; (e) prior history or current abuse of alcohol or other psychoactive substances and ( f) an MS attack treated with corticosteroids at high doses, or untreated, in the last six weeks.
Procedures and evaluation tools
Patients included were evaluated during regular visits. The EDSS and NTs were applied individually by the same neurologist, in the same session. An appropriate explanation about the goals and way of carrying out each test was performed. The order of application of the test components of BICAMS was (1) the Symbol Digit Modalities Test (SDMT), (2) California Verbal Learning Test II (CVLT-II), and (3) the Brief Visuospatial Memory Test Revised (BVMT-R) 4, 8, 11, 15 . Individual disease duration was considered to be from the initial manifestation of neurological signs or symptoms suggestive of the disease.
Data analysis
The abnormality of the NTs was established by the parameters previously described in the literature, and the results obtained were compared with normative healthy controls and MS patients. The association of EDSS and NTs was estimated by Pearson's correlation coefficient (r). The coefficient of determination (R 2 ) was also calculated 17 . Confidence intervals (CI) of correlation coefficients were calculated by the bootstrap resampling method, in the percentile mode 18 . A simple linear regression analysis was performed to identify the impact and to predict possible variations in cognition relative to the state of the disability. In the same way, we used a multiple regression analysis to evaluate the effect of age, disease duration and level of education in the NTs. Statistical significance was set at a value of p < 0.05. The calculations for statistical analysis were performed with use of IBM®™ package SPSS®™, version 23, 2015, available for limited free use at statistics trial software, www-01.ibm.com.
RESULTS
Six patients were excluded by the cited criteria. The BICAMS showed an excellent applicability and very fast performance. The material required for implementation was extremely inexpensive. The tests were easily understood by patients and the evaluation of results was simple and accessible to the examiner. The normal distribution of the dependent variables was assessed by the Shapiro-Wilk test. The demographics, EDSS and BICAMS tests scores with their respective means are shown in Table 1 .
When compared with the aggregate mean described in healthy controls in previous studies, which considered one standard deviation (SD) below the mean score as an abnormal test 14 , 70% of individuals in the sample had abnormality in one of three tests, 32% in two and 17% in all three tests. Within the limits of at least two tests with 1 SD below the mean of healthy controls for establishment of cognitive impairment, the prevalence of cognitive prejudice was 32%.
On other hand, considering 2 SD below the aggregate mean of healthy controls to define an abnormal test 19 , 29% of our patients had impairment of only one test and 15% had abnormality in two or all three tests. If the requirement was for abnormality in at least two tests with 2 SD below the average of healthy controls for a definitive cognitive impairment, 15% of our patients tested presented with cognitive damage. As previously described in the literature 10 , an EDSS around 3.5 was the cut-off for the presence of minimal impairment, with 1 SD below the aggregate mean of controls in one test.
Only the SDMT showed some association with disease duration, age had no significant impact on the performance of any test in our sample. However, the formal education level had a significant influence on the SDMT (p < 0.01) and CVLT (p < 0.05), which suggests some protective effect in the NTs. The mean of SDMT was 48.5 points (SD = 14.9), similar to a previously-described aggregate mean of 43.5 (mean SD = 14.1) for patients with MS. Around 67% of patients exhibited a result below the aggregate mean of normal controls previously described (56.3, mean SD = 10.3) 3-7,10,13,20-24 in this test. The coefficient r with the EDSS was negative, -0.55 (95%CI: -0.74 to -0.27); of marked and high significance, p < 0.01 ( Figure 1A ) and the coefficient R 2 estimated was 0.30 ( Table 2 ). The linear regression analysis estimated a drop of three points in the SDMT, about 6% of the mean score, for each 0.5 points progression in the EDSS ( Figure 1B) .
The CVLT had an average of 48.2 points (SD = 8.6), a very close result to the aggregate mean of 51 (mean SD = 11.5) in MS patients reported in the literature. This test showed 73% of patients below the average of healthy controls (58.4 points; mean SD = 8.3) 4, 8, 13, 22, 23, 24, 25 . The coefficient r with the EDSS was negative, -0.40 (95%CI: -0.57 to -0.11), indicative of a moderate 26 correlation, with a p < 0.05 (Figure 2A) , and the coefficient R 2 for this association was 0.16 ( Table 2) . The linear regression analysis ( Figure 2B ) showed that for each increase of 0.5 in the EDSS, the score in the CVLT decreases 1.5 points, or 3% of the mean score in our sample.
The BVMT showed a mean of 23.5 points (SD = 6.7), above the aggregate mean of patients with MS, which is 20.7 points (mean SD = 7.5). This test had lower abnormality rates, with 58% of patients below the average of normal controls previously reported (26.2 points; mean SD = 5.3) 4, 11, 22, 23, 24, 25 . However, there was a marked inverse correlation with the EDSS, with a coefficient r of -0.54 (95%CI: -0.71 to -0.25), highly significant, p < 0.01 ( Figure 3A) , and a coefficient R 2 of 0.29 (Table 2 ). With the linear regression there was an estimation of a decrease about 1.5 points in the BVMT, or 6% of the mean score, for each 0.5 points of progression in the EDSS ( Figure 3B ).
DISCUSSION
There is some disagreement regarding the definition of an abnormal cognitive test. Some studies take a result of 1 SD below the mean of normal controls as sufficient to define it 14 . In contrast, other authors argue that this lenient cut-off point, despite producing an increase in the sensitivity of the battery, may cause a dramatic reduction in its specificity
.
Likewise, it is possible to consider as a parameter of cognitive impairment an abnormality present in one or two cognitive domains 7,9,10 or even combinations of these found in two 
A B
or three tests of a battery 4, 7, 14 . In many studies, the batteries of NTs were much more extensive than BICAMS, some containing five or ten different tests 3,4 6,12,13 . However, it is possible that the BICAMS test can accurately detect cognitive impairment, since each test involves more than one simple cognitive domain 4, 8, 11, 15 . Adopting the rigidity of 2 SD below the mean of controls as an abnormality, and two abnormal tests as a determinant standard, the prevalence of cognitive impairment was 15% in our study. With these same criteria, the mean cognitive impairment prevalence in previous studies was around 40% 3,5,9,10,20
.
Using the more liberal criterion of 1 SD below average of controls in two tests, to define a NTs abnormality and cognitive impairment, the aggregate mean prevalence rises to approximately 60% 5, 14 , whereas in our study this was 32%. It is necessary to take into account that none of these studies used BICAMS. In turn, previous publications using BICAMS, considered a test with results of 1.5 SD below the mean of healthy controls in just one NTs as abnormal, and like definition of cognitive impairment. These studies found a prevalence of cognitive impairment of 58% 4 and 57%
23
, which is very close to the 55% of our work under these same parameters. A B summarizes these previous findings comparing them to those obtained by us.
Many studies have shown a significant correlation between the EDSS and cognitive impairment 3, 10, 14, 19 , including some prospective trials 6, 9 . This association may reflect a greater cognitive decline in patients with a longer duration of disease 14 . However, our results did not find this correlation consistently, compared with those previously reported 19 . Aging had no significant impact on any test in the battery, which is comparable to results previously described 19, 27 . In contrast, the level of formal education had significant influence on the SDMT (p < 0.01) and CVLT (p < 0.05). This effect of protection on the NTs is a replication of previous data widely suggested by other authors 8, 19, 25, 28, 29 . Interestingly, a study performed in the last decade 5 suggested cut-off points for the SDMT accordance with educational level of patients and considered differences of 1, 1.5 and 2 SD below the mean of normal controls as cognitive impairment, reinforcing the importance of the impact of this variable on NTs.
The present study was developed in the city of Porto Alegre, in the southernmost state of Brazil, just over 800 miles from Buenos Aires, Argentina and 1400 miles of Santiago de Chile. These capitals and our city have many similarities: ethnic background (with important European descent, particularly Iberian, Italian and German), climatic, cultural and socio-economic features, with a Human Development Index around 0.80. Thus, it is interesting to compare indicators for cognitive impairment in MS between them.
In a study published in 2011, performed in Buenos Aires, the prevalence of cognitive impairment was 43% 3 . Another paper, released in the following year, from Santiago de Chile, showed a rate of 36% 20 . These studies did not use the BICAMS, but applied rigid parameters for cognitive impairment, setting 2 SD below the mean of normal controls in at least two NTs, in which our rate was 15%. Of course, the use of different assessment tools prevents a simple direct comparison, since the test battery used in the cited studies, the Neuropsychology Brief Repeatable Battery Test (BRB-N) 5 , is much more extensive than BICAMS. The BRB-N and BICAMS have the SDMT 23 as a common test, in which our sample presented a prevalence of abnormality of 42%, with the same parameters for definition of an abnormal test -a very similar rate to other Latin Americans cited papers. Beyond this, the cognitive impairment rates found by these authors are comparable to ours when using 2 SD present in just one NTs as a definition parameter (Table 3 ).
The score obtained by patients with MS in the SDMT in previous publications ranges from 34.9 to 56.3 with a mean of 43.5 (mean SD = 14.1) 3, 7, 10, 13, 20, 21, 22, 23, 24 , close to our result of 48.5 (SD = 14.9). Importantly, in the study that showed the lower score 7 , the population assessed was of older patients (mean age 61.8 years) and with longer duration of disease (mean 34.5 years) compared to ours, which possibly influenced its results. On the other hand, the highest scores of SDMT were obtained in a study where the subjects had a mean EDSS of 2.6, lower than our sample.
In the Chilean publication mentioned 20 , the MS patients had a mean score of 41 (SD = 13.6) in the SDMT, and three years later, an Argentinian 30 study showed a mean of 38.5 (SD = 14). Although our study showed a higher mean in the SDMT than these publications, the differences in rates are not statistically significant, staying within the limits of standard deviations. In 2015, a study performed in Brazil showed a mean score of 36 (SD = 16) in MS patients 25 . In this study the mean EDSS of patients was 4.2, higher than ours, which could be the cause of this different results. Table 4 shows the comparison between various study results obtained in patients with MS in this test.
Some publications have shown a consistent correlation between the SDMT and EDSS 5, 6, 9, 30 . Just as in our study, in these papers the correlation coefficients between the EDSS and the SDMT would be classified as moderate 26 , and therefore clinically significant.
In the study by Dusankova et al. 4 , the CVLT was the test with the lowest occurrence of impairment among patients with MS, the lowest decline regarding disease duration and the lowest correlation with the Minimal Assessment of Cognitive Function in Multiple Sclerosis, considered the gold standard battery for cognitive impairment in this study. The patients had a mean of 52 points, very close to our 48.2. In other studies, this findings was similar, ranging from 42 to 51.6 points 12, 22, 23, 24, 25 . Only one paper 13 showed a significant discrepancy, with a mean in the CVLT of 64 in patients with MS 2 . Draws attention the fact that in this study there was no significant difference between MS patients and healthy controls in the CVLT, with a mean of 66.5 points, a result that has not been replicated in subsequent studies 4, 20 . A consistent association between the CVLT and EDSS, with a coefficient r of -0.30, was shown in a study by Lynch et al. 12 This coefficient, which was statistically significant, is lower than ours; however is important to consider the differences in methodology and number of patients in the samples between the studies. Table 4 shows the comparison between our results and the CVLT obtained in earlier studies in patients with MS.
The BVMT has been little explored in the literature. In previous studies, MS patients had a mean of 23 (SD = 7)
(SD = 7)
24 and 23.7 points (SD = 8) 23 , nearly identical to the results of our study, of 23.5 (SD = 6.7). In other publications 22, 25 the scores of MS patients were 19.6 and 19.9, different rates that, in relation to ours, have no statistical significance and were within the limits of standard deviations. Table 4 shows the various results obtained in the BVMT of former studies in patients with MS.
One of the possible limitations of our study is the strict selection and limited sample size derived from a MS center. This may generate distortions when extrapolating its results, although this study presents a suitable size for its propositions, and was derived from an earlier pilot study. Besides this, the lack of NTs rates in local healthy controls can result in some difficulty in defining abnormality parameters in our tests. Lastly, it is known that psychological factors, such depression or anxiety, can exert some influence on the tests and ideally these variables must be controlled.
It is possible that the well-established clinical properties of the BICAMS and its widespread use should encourage a major renovation of concepts and definitions in the particularities of MS. For example, in the concepts of benign disease, treatment failure, No Evidence of Disease Activity, which is becoming an important secondary endpoint in clinical trials, and the use of MRI as a defining criterion, which possibly has insufficient sensitivity to detect pathological neurodegenerative changes that can be reflected much more in the effects on cognitive aspects. All these issues must be a priority and a boost in the development of future studies based on the BICAMS in our population. 
